The main objective of this study is to find the most sustainable power supply option with regards to a specific zone of Burkina Faso. This article discusses the possibility to deploy a sustainable system providing water purification and electricity to a village of Burkina Faso. Three scenarios are considered to power up the water purification plant (A: electricity grid, B: diesel generator and C: solar panels supported by second life EV batteries). The environmental impact of these three scenarios is done following the Life Cycle Assessment (LCA) methodology based on energy and resources consumption during the material extraction, elements manufacturing, use and dismantle phases. The less pollutant option for this case in Burkina Faso is the "solar panels supported by second life EV batteries". In comparison to the other two scenarios, this system entails a significant reduction of the environmental impact, mainly in the categories of climate change and fossil depletion.
1.
Introduction -This article presents the reality of many African villages where access to drinking water and electricity is unthinkable. Aluminum sulphate, Ferric Chloride, polyaluminum chloride are the most commonly used coagulants in water treatments. However, these coagulants produce activated sludge, which is hazardous. Hence, a biodegradable coagulant is suggested to be a better alternative [1] . In contrast to chemical coagulants, plant-based natural coagulants are safe, eco-friendly, generally toxic free and are easy to find in African villages. Natural coagulants are known for their efficiency in reducing turbidity but little is known about the characteristics and properties of the resultant flocs formed [2] . Moringa Oleifera is a multipurpose tree native to Northern India that now grows widely throughout the tropics. M. Oleifera seed extract is water-soluble protein with a net positive charge, the coagulation components are cationic peptides and the high density of glutamine residues could favor floc formation through bonding among proteins coating the particles [3] . Previous studies showed the results of valuation of the residue generated by an oil extraction plant from M. Oleifera seed. The residual cake produced during the oil extraction process from M. Oleifera maintains the positively charged protein of the seed, which enables the capture of suspended particles in the water. Such coagulant and flocculant properties eliminate turbidity in the process of water purification [4] . A purification plant has been designed using this purification method. However, its automatization incorporates electric and electronic elements that need power supply. Knowing that local government identified that "The most important challenge Burkina Faso faces is to provide meaningful livelihoods to a growing population. Adequate access to affordable energy and water are required [5] .
Thus, the main objective of this study is to find the most suitable and sustainable power supply option with regards to the specific zone of the country. This study presents three possible alternatives to power the plant, as Image 1 shows.
2.
Experimental -This article discusses the possibility to deploy a sustainable system providing water purification and electricity to a village of Burkina Faso. As previously mentioned, three scenarios are considered to power up the water purification plant (Image 1).
A.-Take energy directly from the electricity grid: Although knowing its losses [6] and the few infrastructure of the country. We assumed that it is not necessary to enlarge the electricity grid, that is, the village has already access to it. B.-The second alternative is to power up the water purification plant by means of a fuel generator. C.-Finally, taking into account that the rainfall season takes three months per year and that they are less predictable and constant, photovoltaic panels to power up the plant are the last alternative [8] . To ensure reliability and continuous operation, the system incorporates an energy storage system. The innovation of this system consists in the fact that batteries are reused from electric vehicles (EV). Thus, the system uses 2 nd life batteries from EV as energy support to photovoltaic panels. The capacity of these batteries is 24 kWh and, when they lose a 20% by ageing, they are not useful for traction purposes [9] . However, they still have an 80% of its initial capacity and they are suitable for stationary applications such as this one. Moreover, second life battery aging simulations showed that their expected lifetime extends for more than 20 years on stationary applications such as the one presented in this study [10] . The environmental impact of these three scenarios is done following the Life Cycle Assessment (LCA) methodology based on energy and resources consumption during the material extraction, elements manufacturing, use and dismantle phases. We used Ecoinvent 9 database [11] to compile a comprehensive and comparable inventory. The LCA software used for this analysis was Simapro. The information regarding EV second life batteries, power converters, solar panels, diesel generator and the emissions from energy production from the central energy power plant are included in the Ecoinvent 9 libraries inside Simpro. The methodology used to calculate the environmental impact is the ReCiPe Midpoint (H/A) Worldwide.
All impact categories have different units, summarized in Table 1 . However, to present the results in a comprehensive way, the ReCiPe method weights each category so they can be presented under the same axis based on a value expressed as kilo-points. The case study is located on a rural settlement in Burkina Faso (Western Africa). The project evaluates the impact of different energy power supplies to power up a constructed water purification plant incorporating the above-mentioned natural cake coagulants. This automated plant works for 16 hours a day to produce 10,000 liters of drinkable water, corresponding to 500 inhabitants considering the minimum 20 l per person per day discussed to be a human right. The corresponding energy necessary to produce this quantity of purified water per day is 11,178Wh.
3.
Results and DiscussionImage 2 shows the LCA results for the three scenarios proposed. As we can see, the less pollutant option for this case in Burkina Faso is the "solar panels supported by second life EV batteries". In comparison to the other three scenarios, this system entails a significant reduction of the environmental impact, mainly in the categories of climate change and fossil depletion. In fact, human toxicity, caused by silicon of solar panels, is the only category that has higher values with respect to the other two scenarios. Nevertheless, this category has a very small relative impact. Maybe the use of other renewable energy sources would reduce even more this impact, however, sun is widely available in this region of the world. The "diesel generator" case is the option presenting the worst results, with a weighted impact above 12kpt.
Image 3 shows the results grouped and normalized in three categories: Human health, Ecosystems and Resources, described in table 1. We should highlight that the "Diesel generator" scenario has the highest impact on all categories with an enormous difference. Again, the scenario having lower impact is the "solar panels supported by second life EV batteries". Notice that the impact on ecosystems is 0.0157kpts against the 0.3471 of the "Diesel generator" or the 0.1269 "Energy Power plant", corresponding to 22 and 8 times lower impact respectively.
Conclusions -
A system that prevails along time should be capable of self-reproduction and capable to obtain raw materials for itself. This is the case for the water purification plant presented in this paper. For one side, the plant purifies and eliminates turbidity on water by means of a natural coagulant/flocculant, which is the residual cake of the oil extraction process from M. Oleifera seeds, which tree is abundant in the region. On the other hand, considering the fragile nature of the subject of potable water supply to a settlement in a country like Burkina Faso, it is clear that the use of local energy production for the purification water plant is of paramount importance. To do so, we presented three scenarios to power up the water purification plant, named: "Energy Power plant", "Diesel generator" and "solar panels supported by second life EV batteries". The third scenario is especially relevant because it reuses EV batteries, providing an affordable energy storage system and giving an additional value to this automotive waste, which still has an 80% of its initial capacity. Moreover, this system transforms solar energy to electricity with the photovoltaic panels. The analysis of the environmental impact of these three scenarios, knowing that in all three cases there is an investment need to set up the installation that will offer energy, we can clearly state that the "solar panels supported by second life EV batteries" scenario is more environmentally friendly at local level. Additionally, regarding sustainability, this scenario works without any third party contribution. On the contrary, the other two scenarios need to obtain energy or raw materials from third parties. The "Energy Power plant" scenario demands monthly payments to the energy company to have access to the electricity grid, while the "Diesel generator" needs to buy fuel to distributors to run the generator.
